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RQPL[HGFRQYHFWLYHKHDWWUDQVIHUIURPQRQ
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!7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DVVXPHG WR EH LQGHSHQGHQW RI WKH WHPSHUDWXUH GLIIHUHQFH 7KH SURSHUWLHV RI $O2ZDWHU EDVHG QDQRIOXLG DUH
FDOFXODWHGXVLQJWKHFRQYHQWLRQDOPRGHOVRIVXVSHQVLRQV7KHKHDWWUDQVIHULVWDNLQJSODFHIURPWKHKHDWHGVXUIDFHRI
F\OLQGHUWRWKHVXUURXQGLQJIOXLGHQYLURQPHQW7KHFRPELQHGKHDWWUDQVIHUDQGIORZRIQDQRIOXLGLVJRYHUQHGE\WKH
FRQWLQXLW\PRPHQWXPDQGHQHUJ\HTXDWLRQVDVZULWWHQEHORZ
&RQWLQXLW\HTXDWLRQ

99 \[
[ \
ww   w w            
;FRPSRQHQWRIPRPHQWXPHTXDWLRQ
9 9[ S \[[ [[9 9[ \QI [ 9 [ [ \\
WWU ww ww w    w w w w w
§ · § ·¨ ¸ ¨ ¸¨ ¸ © ¹© ¹
     
<FRPSRQHQWRIPRPHQWXPHTXDWLRQ

9 9 S\ \ [\ \\9 9 J[ \ \QI QI[ \ \ [ \
W WU Uw w w ww     w w w w w
§ · § ·¨ ¸ ¨ ¸© ¹ © ¹
     
%\FRQVLGHULQJWKH%RXVVLQHVTDSSUR[LPDWLRQLQWKHERG\IRUFHWRLQFRUSRUDWHWKHWHPSHUDWXUHGHSHQGHQWGHQVLW\
WKHHTXDWLRQLVZULWWHQDV
 9 9 S\ \ [\ \\9 9 J 7 7[ \QI QI QI[ \ \ [ \W WU U Ew w w ww      w w w w w§ · § ·¨ ¸ ¨ ¸© ¹ © ¹     
(QHUJ\HTXDWLRQ
 
 
7 7 7 7& 9 9 N[ \QI SQI QI[ \ [ \
U w w w w  w w w w
§ ·§ · ¨ ¸¨ ¸ ¨ ¸© ¹ © ¹
       
7KHXQLIRUPYHORFLW\LQOHWDQGSUHVVXUHRXWOHWLVWDNHQDVERXQGDU\FRQGLWLRQVIRUPRPHQWXPHTXDWLRQVDWLQOHW
DQGRXWOHWUHVSHFWLYHO\]HURVKHDUVWUHVVDWYHUWLFDOFKDQQHOZDOOVDQGQRVOLSERXQGDU\FRQGLWLRQDWFLUFXODUF\OLQGHU
ZDOO$KLJKHUFRQVWDQW WHPSHUDWXUHDWFLUFXODUF\OLQGHUVXUIDFH LVFRQVLGHUHGDQGORZHUFRQVWDQWZDOO WHPSHUDWXUH
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DORQJ WKHZDOOVVDPHDV LQOHW IOXLG WHPSHUDWXUH LV WDNHQDV WKHUPDOERXQGDU\FRQGLWLRQV7KHJRYHUQLQJHTXDWLRQV
ZLWKWKHVHERXQGDU\FRQGLWLRQVDUHVROYHGVLPXOWDQHRXVO\XVLQJFRXSOHGDSSURDFKLQ)OXHQW7KHSRZHUODZ
PRGHOKDVEHHQXVHGWRGHILQHWKHYLVFRVLW\RIWKHQDQRIOXLG6DQWUDHWDO>@DQGGHWDLOVJLYHQLQ7DEOH
7DEOH3RZHUODZIOXLGPRGHOSDUDPHWHURIQDQRIOXLGV6DQWUDHWDO>@
9ROXPHIUDFWLRQRIQDQRSDUWLFOH P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DQGµ QI ¶LQGLFDWHSDUWLFOHDQGQDQRIOXLGVUHVSHFWLYHO\+DPLOWRQDQGFURVVHUPRGHOKDVEHHQXVHGWRGHWHUPLQHWKH
HIIHFWLYHWKHUPDOFRQGXFWLYLW\RIQDQRSDUWLFOHVKDYLQJVSKHULFDOVKDSH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ZKHUH NI DQG NS UHSUHVHQWV WKHUPDO FRQGXFWLYLW\ RI WKH EDVH IOXLG DQG WKHUPDO FRQGXFWLYLW\ RI QDQRSDUWLFOHV
UHVSHFWLYHO\DQGI LVYROXPHIUDFWLRQRIQDQRSDUWLFOHV7KHWKHUPRSK\VLFDOSURSHUWLHVRI$O2QDQRSDUWLFOHVDQG
+2DVEDVHIOXLGDUHSUHVHQWHGLQ7DEOH
7DEOH7KHUPRSK\VLFDOSURSHUWLHVRIZDWHUDQGDOXPLQD
3URSHUW\ %DVH)OXLGZDWHU $OXPLQD$O2
6SHFLILF+HDW-NJ.  
'HQVLW\NJP  
7KHUPDO&RQGXFWLYLW\:P.  
1XPHULFDOPHWKRGRORJ\
7KH JRYHUQLQJ HTXDWLRQV ZLWK VXLWDEOH ERXQGDU\ FRQGLWLRQV ZHUH VROYHG E\ )/8(17  EDVHG RQ
FRPSXWDWLRQDOIOXLGG\QDPLFV&)'DQGVWUXFWXUHGTXDGULODWHUDOJULGZHUHIRUPHGXVLQJPHVKJHQHUDWLQJVRIWZDUH
*DPELW6HPLLPSOLFLWPHWKRGIRUSUHVVXUHOLQNHGHTXDWLRQV6,03/(DOJRULWKPLVXVHGIRUGHFRXSOLQJRISUHVVXUH
DQG YHORFLW\ DQG WKH TXDGUDWLF XSVWUHDP LQWHUSRODWLRQ IRU WKH FRQYHFWLYH NLQHPDWLFV 48,&. VFKHPH IRU
GLVFUHWL]LQJFRQYHFWLYHWHUPVLQERWKPRPHQWXPDQGHQHUJ\HTXDWLRQV*UDYLW\LVWDNHQLQQHJDWLYH\GLUHFWLRQGXH
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WR WKHXSZDUGIORZRIQDQRIOXLG7KHFRQYHUJHQFHFULWHULDKDVPDLQWDLQHG IRU WKHFRQWLQXLW\;DQG<GLUHFWLRQDO
YHORFLWLHVLVDQGIRUHQHUJ\HTXDWLRQLWLV7KHVROXWLRQSURFHVVLVLQLWLDOL]HGIURPLQOHWDQGPRPHQWXPDQG
HQHUJ\HTXDWLRQVDUHVROYHGVLPXOWDQHRXVO\RQSUHVVXUHEDVHGVROYHUXQWLOWKHIXOO\FRQYHUJHGYHORFLW\SUHVVXUHDQG
WHPSHUDWXUHILHOGVDUHREWDLQHGIRUHQWLUHFRPSXWDWLRQDOGRPDLQ2EWDLQHGYHORFLW\SUHVVXUHDQGWHPSHUDWXUHILHOGV
DUHXVHGLQFDOFXODWLQJWKHQHDUILHOGNLQHPDWLFVRIWKHF\OLQGHUOLNHORFDODQGDYHUDJH1XVVHOWQXPEHUV
7DEOH&RPSDULVRQRIWKHDYHUDJH1XVVHOWQXPEHU1XDYJUHVXOWVIRUFLUFXODUF\OLQGHURIPL[HGFRQYHFWLRQLQ1HZWRQLDQIOXLGVQ DW
3UDQGWOQXPEHU3U 
5H 5L 3UHVHQW 6ULQLYDVHWDO>@ %DGU>@ :RQJHWDO>@
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)LJ,VRWKHUPFRQWRXUVDWVXUURXQGLQJRIF\OLQGHUDW5H DQGIRUGLIIHUHQWYDOXHVRI5LDQGYROXPHIUDFWLRQRIQDQRSDUWLFOHVĭ
5HVXOWVDQGGLVFXVVLRQ
9DOLGDWLRQ
%HIRUHSUHVHQWLQJQHZUHVXOWVWKHFRUUHFWQHVVDQGDFFXUDF\RIWKHSUHVHQWQXPHULFDOVROYHUKDVEHHQFKHFNHGE\
PDWFKLQJWKHSUHVHQWUHVXOWVZLWKH[LVWLQJOLWHUDWXUHYDOXHVRI6ULQLYDVHWDO>@%DGU>@DQG:RQJHWDO>@DQG
VKRZQLQ7DEOH7KHVLPLODULW\EHWZHHQWKHUHVXOWVLVIRXQGH[FHOOHQWWKXVWKLVYDOLGDWLRQPRWLYDWHGWRREWDLQQHZ
UHVXOWVIRUQDQRIOXLGV
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,VRWKHUPFRQWRXUV
7KH LQIOXHQFH RI 5LFKDUGVRQ QXPEHU DQG VROLG YROXPH IUDFWLRQ RQ LVRWKHUP SDWWHUQV LQ DLGLQJEXR\DQF\
FRQILJXUDWLRQKDYHEHHQSUHVHQWHGLQ)LJXUHIRU5H 5L DQGQDQRSDUWLFOHYROXPHIUDFWLRQĭ 
  )RU DOO YDOXHV RIĭ DV WKH5L LQFUHDVHV IURP WR  LH IURPSXUH IRUFHG FRQYHFWLRQ FRQGLWLRQ WR
PL[HG FRQYHFWLRQ VLWXDWLRQ WKH VWHHSQHVV DQG FRPSDFWQHVV RI LVRWKHUPDO OLQHV LQFUHDVHV 7KH ZDNH VL]H DQG
UHFLUFXODWLRQ GHFUHDVHV DV WKH YROXPH IUDFWLRQ RI $O2 QDQRSDUWLFOHV LQFUHDVHV IRU D IL[HG YDOXH RI 5LFKDUGVRQ
QXPEHU
$YHUDJH1XVVHOWQXPEHU
7KHDYHUDJH1XVVHOWQXPEHUYDULDWLRQIRUFLUFXODU F\OLQGHUZLWKUHVSHFWWR5H\QROGVQXPEHU5H WRIRU
YDULRXVQDQRSDUWLFOHYROXPHIUDFWLRQĭ WRDW5LFKDUGVRQQXPEHU5L WRLVSUHVHQWHGLQ)LJXUH
7KHLQFUHPHQWLQWKH5H\QROGVQXPEHUDWFRQVWDQW5LFKDUGVRQQXPEHUDQGQDQRSDUWLFOHYROXPHIUDFWLRQLQFUHDVHV
WKH1XDYJ7KLVKDSSHQVGXHWRLQFUHPHQWLQUHFLUFXODWLRQLQWKHUHDUVLGHRIF\OLQGHUIROORZHGE\LQFUHPHQWLQWKH
5H\QROGVQXPEHU7KHSORWLQGLFDWHVWKDWWKH1XDYJLQFUHDVHVZLWKWKHLQFUHDVHRI5LDVZHOODVZLWKWKHLQFUHPHQWRI
$O2 QDQRSDUWLFOH YROXPH IUDFWLRQ LQ WKH ZDWHU EDVH IOXLG $V ZH NQRZ WKDW WKH WKHUPDO FRQGXFWLYLW\ RI
QDQRSDUWLFOHV LV KLJK VR DQ\ LQFUHPHQW LQ YROXPH IUDFWLRQ UHVXOWV DV HQKDQFHG WKHUPDO FRQGXFWLYLW\ RI QDQRIOXLG
ZKLFKWKHUHIRUHWULJJHUVWKHWKHUPDOGLIIXVLRQDQGILQDOO\UHVXOWHGLQLQFUHDVHGKHDWWUDQVIHUUDWH
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)LJ$YHUDJH1XVVHOWQXPEHU1XDYJYDULDWLRQZLWK5LFKDUGVRQQXPEHU5LIRUGLIIHUHQW5H\QROGVQXPEHUV5HDQGYROXPHIUDFWLRQRI
QDQRSDUWLFOHVĭ
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&RQFOXVLRQV
+HDW WUDQVIHU HQKDQFHPHQW LQPL[HG FRQYHFWLRQ UHJLPH GXH WR FURVVIORZ RI DOXPLQDZDWHU QDQRIOXLG SDVW DQ
LVRWKHUPDO KRUL]RQWDO F\OLQGHU LQ D YHUWLFDO FKDQQHO IRU DLGLQJ EXR\DQF\ FRQILJXUDWLRQ KDV EHHQ VWXGLHG IRUZLGH
UDQJHRIFRQGLWLRQVDVIROORZV5H 5L DQGĭ 7KHVWHHSQHVVDQGFRPSDFWQHVVRIWKH
LVRWKHUPDO OLQHV LQFUHDVH IRU DOO YDOXHVRI LQFUHDVLQJ5Hĭ DQG5L7KH DYHUDJH1XVVHOW LQFUHDVHVZLWK5H\QROGV
QXPEHU DQG YROXPH IUDFWLRQ EXW WKH HIIHFW RI 5LFKDUGVRQ QXPEHU RQ DYHUDJH 1XVVHOW QXPEHU LV YHU\ OHVV
FRPSDUDWLYHO\
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